The lordosis reflex is a hormone-dependent behavior displayed by female rats during mating. This study used the transneuronal tracer pseudorabies virus (PRV) to investigate the CNS network that controls the lumbar epaxial muscles that produce this posture. After PRV was injected into lumbar epaxial muscles, the time course analysis of CNS viral infection showed progressively more PRV-labeled neurons in higher brain structures after longer survival times. In particular, the medullary reticular formation, periaqueductal gray (PAG), and ventromedial nucleus of the hypothalamus (VMN) were sequentially labeled with PRV, which supports the proposed hierarchical network of lordosis control. Closer inspection of the PRV-immunoreactive neurons in the PAG revealed a marked preponderance of spheroid neurons, rather than fusiform or triangular morphologies. Furthermore, PRV-immunoreactive neurons were concentrated in the ventrolateral column, rather than the dorsal, dorsolateral, or lateral columns of the PAG. Localization of the PRV-labeled neurons in the VMN indicated that the majority were located in the ventrolateral subdivision, although some were also in other subdivisions of the VMN. As expected, labeled cells also were found in areas traditionally associated with sympathetic outflow to blood vessels and motor pathways, including the intermediolateral nucleus of the spinal cord, the paraventricular hypothalamic nucleus, the red nucleus, and the motor cortex. These results suggest that the various brain regions along the neuraxis previously implicated in the lordosis reflex are indeed serially connected.
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The lordosis reflex, a hormone-dependent behavior seen in female rodents during mating, has been a usef ul model for studying steroid action in the mammalian nervous system. Using traditional tract-tracing techniques, lesions and transections, and electrophysiology, researchers have identified a putative neural circuit controlling the execution of lordosis (Pfaff, 1980) . Hierarchical command of this response is thought to emanate from estrogenand progesterone-sensitive neurons of the hypothalamic ventromedial nucleus (V M N), which innervate the periaqueductal gray (PAG), which in turn projects to premotor neurons in the medullary reticular formation (MRF). The premotor neurons of the reticular formation then influence the motor neurons of the spinal cord that innervate the lumbar epaxial muscles that produce the lordosis posture. Although this circuit has been identified in a stepwise manner, serial connectivity remains to be demonstrated.
Evidence for the role of the PAG is compelling but incomplete. For instance, lesions placed within the PAG reduce lordosis . Conversely, electrical stimulation within the PAG facilitates lordosis and modulates the excitability of premotor medullary neurons relevant for lordosis (Cottingham et al., 1987) . Additionally, infusion of various neuroactive compounds into the PAG influences the lordosis response (Harlan et al., 1983; Riskind and Moss, 1983; Floody et al., 1986; Dudley and Moss, 1988) . However, the PAG is not a homogenous structure but, rather, contains distinct anatomical subdivisions (Beitz, 1985) and is functionally organized in longitudinal columns along the rostrocaudal axis (Bandler et al., 1991; Murphy et al., 1995; Rizvi et al., 1996) . The identity of a lordosis-relevant column in the PAG remains a source of controversy, with studies reporting the involvement of the dorsal Morrell and Pfaff, 1982; Dornan et al., 1990; Tetel et al., 1993) , dorsolateral (Sakuma and Pfaff, 1983; Richmond and Clemens, 1986) , lateral (Harlan et al., 1983; Cottingham et al., 1987; Akesson et al., 1994), ventrolateral (Arendash and Gorski, 1983; Lonstein and Stern, 1998) , and ventral (Uphouse et al., 1992) portions of the PAG. The neurons of the PAG also have been categorized by specific neuronal morphologies (Beitz and Shepard, 1985) , although little is known about the functional significance of these morphological profiles and their role in lordosis. Previous anatomical approaches have not resolved these issues, in part because conventional tracers are not transported by functionally selected populations.
In this report the descending limb of the lordosis reflex was multisynaptically traced using the ␣-herpesvirus pseudorabies virus (PRV), which is transported more rapidly in the retrograde direction (Card et al., 1990) . This technique provided the opportunity to study higher-order neurons within the lordosisproducing circuit with confidence that they are linked to the relevant muscles. The time course of virus propagation into the CNS verified the existing model of a hierarchical organization of the control of the lordosis reflex and provided support for the serial connectivity of the previously identified nodes of the network. In addition, an analysis of the distribution and morphology of the PRV-labeled neurons revealed new details about this circuit.
MATERIALS AND METHODS
Animals. Male (n ϭ 10) and female (n ϭ 12) adult Sprague Dawley rats (Charles River Laboratories, Wilmington, M A) weighing between 210 and 305 gm were used in these experiments. Animals were housed in plastic shoebox cages in same-sex pairs in a temperature-controlled room (22°C) with a 12 hr light /dark cycle. Rat chow (Ralston Purina, St. L ouis, MO) and tap water were available ad libitum. All animals were allowed at least 1 week to acclimate to the colony before any experimental procedures began. The handling and care of experimental animals conformed to the regulations provided by the NIH Guide for the Care and Use of Laborator y Animals, and the experimental protocols for the use of virus were approved by the Institutional Animal C are and Use Committee.
Tracer Injections. PRV was prepared as described previously (C ard et al., 1990) . All work with the active virus was conducted in a Biosafety Level 2 containment facility. Infected animals were not removed from this facility until the virus had been inactivated by perf usion with fixative, as described below. An attenuated strain of PRV, Bartha, was used in all of the present experiments because of its reduced virulence, which permits longer survival times (C ard et al., 1992) . T wo stocks of PRV were used with titers of 2.0 ϫ 10 7 and 6.75 ϫ 10 8 pf u /ml. Surgeries were performed during anesthesia with ketamine and xylazine (90 and 12 mg /ml, respectively) using aseptic procedures. A midline longitudinal incision, ϳ5 cm, was made in the dorsal lumbar region. The skin and aponeurosis were reflected laterally, and the L5 vertebra was located using the depression between the lumbar and sacral vertebra as a landmark. Three unilateral 1 l injections were made with a Hamilton (Reno, N V) syringe at the level of the L5 vertebra at the following approximate distances from midline: 3, 8, and 12 mm. Injection sites were chosen to correspond to the transversospinalis, medial longissimus, and lateral longissimus muscles, respectively (Cottingham et al., 1987) . All injections were made perpendicular to the muscle surface and were ϳ1.5 mm deep. After each of the three injections, the muscle surface was rinsed with saline and dried. Animals were allowed to survive for 2.0 d (female, n ϭ 1), 2.5 d (female, n ϭ 3; male, n ϭ 2), 3.0 d (female, n ϭ 2; male, n ϭ 2), 3.3 d (female, n ϭ 2; male, n ϭ 2), or 4.0 d (female, n ϭ 4; male, n ϭ 4).
Animals were killed during deep anesthesia by transcardial perf usion with 100 ml of 0.9% NaC l containing 0.1% heparin followed by 400 -500 ml of 4% paraformaldehyde in 0.1 M phosphate buffer (PB), pH 7.4 -7.6. Brains and spinal cords were removed from the crania and vertebral columns, respectively. After 24 hr of post-fixation at 4°C, the brains were submerged in 20% sucrose in 0.1 M PB, pH 7.4, for at least 24 hr at 4°C. The spinal cords were dissected to expose the dorsal rootlets. Transections were made between C8 and T1, between T7 and T8, and between each segment from T8 to L5 using approximately half the distance between dorsal roots of adjacent segments as the boundary for each segment. After these transections, individual segments were submerged in 20% sucrose in 0.1 M PB for at least 24 hr. Brains and spinal cords were frozen and cut on a freezing microtome. Brains were cut coronally into either 30 or 40 m sections and distributed serially into four or three sets, respectively. Spinal cords were cut in 40 m horizontal (C1-C8 and T1-T7 samples) or coronal (T8 -L5) sections and distributed serially into two wells. In some cases horizontal, rather than coronal, sections were taken through the lumbar and lower thoracic spinal cord. All sections were initially placed into Tris-buffered saline (TBS), pH 7.4, and then transferred to cryoprotectant ) for storage at Ϫ20°C. Immunoc ytochemistr y. Free-floating sections were removed from the cryoprotectant and washed with TBS. All washes and incubations occurred at room temperature. The sections then were incubated in 0.03% H 2 O 2 (Fisher Scientific, Houston, TX) and 0.25% Triton X-100 (LabChem, Inc., Pittsburgh, PA) in TBS for 15 min. Sections then were transferred to tubes containing primary antisera, either goat anti-PRV (GB320, 1:10,000) or rabbit anti-PRV (RB133, 1:7500), diluted in 3% normal donkey or goat serum, respectively, and 0.25% Triton X-100 in TBS for 35-45 hr. Sections then were washed with TBS and incubated in secondary antisera for 2 hr, using either donkey anti-goat (1:1000; Jackson ImmunoResearch, West Grove, PA) or goat anti-rabbit (1:250; Vector Laboratories, Burlingame, CA). Both secondary antibodies were diluted in 3% normal serum corresponding to the host species of the secondary antibody and 0.25% Triton X-100 in TBS. After washing with TBS, sections were incubated in an avidin -biotin -peroxidase complex (Vector Elite kit; 1:222 in 0.25% Triton X-100 in TBS) for 1 hr. Sections then were washed with TBS, followed by a single wash with 50 mM Tris. PRV immunoreactivity was visualized by reacting the sections with 3,3Ј-diaminobenzidine (0.2 mg /ml), nickel sulfate (25 mg /ml), and 0.025% H 2 O 2 in 50 mM Tris for 5-10 min. The reaction was terminated with TBS washes. Sections were mounted on gelatinized slides, counterstained with methyl green, dehydrated with increasing concentrations of alcohol followed by Hemo-De (Fisher Scientific), and then coverslipped with Permount (Fisher Scientific).
Data anal ysis. Sections were analyzed by light microscopy using an Olympus Optical (Tokyo, Japan) BH50 microscope, and anatomical boundaries were defined according to Paxinos and Watson (1986) . PRVimmunoreactive cells were dark blue to black and had a Golgi-like appearance. Digital images were obtained using a Sony (Tokyo, Japan) DKC digital camera, imported into Adobe Systems (San Jose, CA) PhotoShop 4.0, and printed with an Eastman Kodak (Rochester, N Y) 8650PS dye sublimation printer. Atlas-like illustrations of labeling were created by superimposing the digital photomicrographs on the digital representations of Paxinos and Watson (1986) using Adobe PhotoShop version 4.0. Dots were used to represent the precise location of labeled cells on the atlas images, and then the micrograph was eliminated from the image. All other drawings were created by importing a digital micrograph into PhotoShop and using the paintbrush tool in a camera lucida-like manner to draw the images.
A morphological analysis of the PRV-immunoreactive neurons in the PAG after 4 d of infection was conducted. Anatomical subdivisions and classification of cell types were primarily based on the methods of Beitz (1985) and Beitz and Shepard (1985) , respectively. However, because neuronal processes were not always visible in our preparations, we relied on soma shape as the primary indicator of cell type. C ell profiles in our preparations were designated as f usiform (elongated), spheroid (nearly circular), or triangular (triangular or teardrop), which corresponded, respectively, to the bipolar, multipolar, and triangular profiles of Beitz and Shepard (1985) . Each cell type was exhibited by both large and small neurons, as previously reported, but such size distinctions were not examined here.
Statistical anal ysis. Tests for statistically significant differences were conducted using SigmaStat (version 1.0; Jandel Scientific, Corte Madera, CA) or JM P I N (version 3.1.5; SAS Institute, C ary, NC). Bonferonni corrected p values were used to test for significant correlations and were calculated by dividing 0.05 by the number of comparisons for a given test. Comparisons were made using a one-way ANOVA or Friedman's repeated measures ANOVA, and interactions were tested using a two-way repeated measures ANOVA. Significant differences were f urther analyzed using Student-Newman -Keuls post hoc tests with ␣ ϭ 0.05. When n Ն 3 data are presented as the mean Ϯ SEM unless otherwise indicated.
RESULTS
Lumbar epaxial muscle injection of PRV resulted in a consistent pattern of neuronal labeling in the spinal cord and brain. At progressively longer survival intervals, additional populations of cells were labeled sequentially, suggesting a hierarchical series of neuronal connections. The time course of PRV neuronal tract tracing is presented within each level of the CNS. Although the tables and figures provide a comprehensive description of the affected brain regions, the text will focus on areas previously implicated in facilitating the lordosis reflex.
Spinal cord
The shortest survival time examined was 2.0 d (n ϭ 1 female). At this time PRV immunoreactivity was extremely limited. In particular, there were no PRV-immunoreactive neurons detected in the lumbar spinal cord. There was, however, one PRV-labeled cell per section detected in the intermediolateral cell column (IML) in three sections taken from the T11 level. Based on the low level of viral transmission at this time, later time points were chosen for further study. Figure 1 A illustrates the distribution of PRV-labeled neurons in the spinal cord 2.5, 3.0, 3.3, and 4.0 d after PRV injection into the lumbar epaxial muscles. Quantification of the labeled spinal neurons is presented in Table 1 . At 2.5 d after injection, there was prominent labeling in the IML (Fig. 1 B) in sections from spinal segments T8 -L2 in all animals examined (n ϭ 5). PRVimmunoreactive cells also were detected in the area surrounding the central canal (area X, spinal segments T10 -L2) and in the The numbers of animals with label are presented as the number of animals with labeled cells in a given area per total number of animals investigated at a given time point.
intermediate zone, defined here as the ventral portion of lamina V and the dorsal portion of lamina VII, including the intermediomedial nucleus (T9 -L2). In addition, PRV-immunoreactive neurons were detected in lamina IX of the medial (Fig. 1C ) and lateral ventral horn in spinal segments L2-L4 and L3, respectively. The location and morphology of these ventral horn neurons is consistent with that of motoneurons (Molander et al., 1984) and is consistent with the location of lumbar epaxial muscle-projecting neurons in the spinal cord (Brink et al., 1979) . For animals killed 3.0 d after PRV injection, spinal cord tissue was obtained in both the horizontal (n ϭ 2) and coronal (n ϭ 2) planes. In all cases, labeled cells were observed both ipsilateral and contralateral to the PRV injection in IML in spinal segments T8 -L2 and in the dorsal horn, area X, and the intermediate zone in spinal segments T8 -L5. In addition, labeled cells were found in the lateral, central, and medial portions of the ipsilateral ventral horn.
Spinal cords were analyzed in two of the four animals (one female and one male) killed 3.3 d after PRV injection and two of the seven animals (one female and one male) killed 4 d after PRV injection. At these times there was extensive labeling in all ani- The numbers provided represent the number of animals that had labeling in a given area out of the total number of animals investigated for each time point. Figure 2 . Plots of the distribution of PRV-immunoreactive neurons in the medulla, pons, and midbrain of representative female rats 3.0, 3.3, and 4.0 d after PRV injection into the lordosis producing muscles. Each dot represents one or two cells, and drawings are arranged with the most rostral section on top. Drawings are modified from Paxinos and Watson (1986 (Table 1) . Table 2 summarizes the arrival of PRV in various regions of the brain, and Figure 2 illustrates the time course of labeling in the hindbrain. The earliest postinjection time that PRV was observed in the medulla was 3.0 d. At this time, labeled cells were detected in the rostral ventrolateral medulla, including the lateral paragigantocellular nucleus in all animals. Labeled cells also were observed in two of four animals in the ␣ and ventral gigantocellular nucleus and the raphe obscurus and pallidus. At 3.3 d, all animals had detectable labeling in the areas identified at 3.0 d, including the gigantocellular nucleus and its subdivisions (Fig. 3) . After 4.0 d of survival, all previously labeled areas were PRV-immunoreactive.
Medulla

Pons and midbrain
The earliest postinjection time that revealed PRV-labeled neurons in the pons or midbrain was 3.0 d. However, the only region consistently labeled was the area around the A5 cell group. At the 3.3 d survival time, additional labeling appeared in the PAG (four of four animals); however, there were only a few PRVimmunoreactive PAG neurons found in each animal. After 4.0 d of survival, many more neurons were labeled in the PAG. Figure  4 illustrates representative immunostaining in the PAG 4.0 d after injection of PRV into the lordosis-producing muscles. Although 30 or 40 m sections were cut from these animals, a comparison of the cell counts taken from sections with different thickness revealed that they were not significantly different (one-way ANOVA, F ϭ 0.075; p ϭ 0.8037). Thus, the cell counts from these animals are presented together in the analysis below. A statistical analysis was conducted on the localization of PRV-immunoreactive neurons in the longitudinal columns of the PAG 4.0 d after injection of PRV into the lordosis-producing muscles (Fig. 5) . One male animal was not included, because the PRV-immunoreactive cells were too numerous to obtain accurate cell counts. A two-way ANOVA (rostrocaudal poles vs longitudinal columns) showed a significant effect of the number of labeled neurons found in the longitudinal columns of the PAG (F ϭ 9.78; p ϭ 0.0008), the rostral versus caudal poles of the PAG (F ϭ 15.29; p ϭ 0.0113), and an interaction between subdivision and rostral-caudal localization (F ϭ 15.07; p Ͻ 0.0001; Fig. 5B ). Post hoc analysis showed that the number of labeled neurons was greater in the caudal than the rostral PAG and greater in the ventrolateral PAG than all other longitudinal columns.
The PRV-immunoreactive neurons in the PAG were analyzed further according to their morphology and were categorized as either fusiform, spheroid, or triangular (Fig. 5C ), which correspond to the bipolar, multipolar, and triangular morphologies defined by Beitz and Shepard (1985) , respectively. Based on a minimum of 12 sections per animal, counts of cell profiles showed that the fusiform, spheroid, and triangular cell morphologies comprised an average of 25.5, 56.2, and 15.5% of the total PRV-labeled cells in the PAG, respectively. An average of 2.8% of the PRV-labeled cells in the PAG were not identifiable because of disrupted membranes commonly seen in long-term PRV infections. Statistical analysis of the distribution of these cell morphologies across the longitudinal columns of the PAG confirmed that the subdivisions did not differ in the proportions of these cell types (Fig. 5D) .
Although many of the PRV-labeled areas have been previously associated with autonomic control, including the MRF and the PAG, PRV also was detected in some areas involved in motor The section shown is approximately Ϫ8.00 mm relative to bregma according to Paxinos and Watson (1986) . Inset, Higher magnification of the indicated area. Scale bars: 1 mm; inset, 200 m. aq, Aqueduct; xscp, decussation of the superior cerebellar peduncle.
control. For instance, the red nucleus was labeled in seven of seven animals 4 d after the PRV injections (Fig. 6 A) .
Forebrain
Plots of the time course of labeling in the forebrain are shown in Figure 7 , and labeled areas are summarized in Table 2 . Labeling in the forebrain was first detected 3.0 d after injection of PRV into the lordosis-producing muscles; however, the only area consistently labeled (four of four animals) was the dorsal cap of the paraventricular nucleus of the hypothalamus. Occasionally, labeled cells were observed at this time point in the motor area of the dorsal cortex and the dorsal hypothalamic area (two of four animals). Labeled cells were consistently observed in these areas in animals allowed to survive for 4.0 d. Figure 6 B shows a representative micrograph of the labeling observed in the motor area of the dorsal cortex. The cortical labeling was localized between the areas identified as the hindlimb and forelimb areas of the cortex according to Paxinos and Watson (1986) (Fig. 8 B; Friedman's repeated measures ANOVA, 2 ϭ 11.4; p ϭ 0.0099, Student-Newman-Keuls post hoc analysis).
Tests for significant correlations between the average number of PRV-labeled neurons per section in the rostral, central, dorsomedial, and vl-VMN and the average number of PRV-labeled neurons per section in the dorsal, dorsolateral, ventrolateral, and ventral PAG were conducted. Using Bonferonni-corrected p values, we found a significant correlation between the average number of cell profiles per section in the vl-VMN and the dorsal (r ϭ 0.999; p Ͻ 0.0001), the ventrolateral (r ϭ 0.971; p ϭ 0.00121), and the ventral PAG (r ϭ 0.967; p ϭ 0.00165). A significant correlation also existed between the rostral VMN and the ventrolateral PAG (r ϭ 0.962; p ϭ 0.00212). No other comparisons revealed significant correlations.
A general comparison was made of the time course of labeling between male and female rats. Because of the small sample sizes, statistical comparisons were not possible; however, our analysis did not reveal any gross sex differences in the pattern of virus propagation in either the spinal cord or brain. The number of PRV-labeled cells was similar in the PAG and V M N of male and female rats.
DISCUSSION
The goal of this experiment was to use PRV to demonstrate serial connectivity between brain areas previously identified as part of the lordosis circuit and to clarif y the details of this circuitry. PRV is an ␣-herpesvirus exploited in neuroanatomical tracing studies because of its ability to selectively infect neurons that are synaptically related. In general, the results support serial connectivity among the V M N, PAG, and MRF in the control of lordosis.
Previous applications of this technique have traced neural circuits associated with the sympathetic nervous system (Strack et al., 1989a,b; Strack and Loewy, 1990; Jansen et al., 1993 Jansen et al., , 1995 , parasympathetic nervous system (Card et al., 1990; Nadelhaft et al., 1992 ), visual system (Card et al., 1991 , reproductive organs (Marson et al., 1993; Marson, 1995; Marson and McKenna, 1996; Papka et al., 1998) , and somatic motor systems (Rotto-Percelay et al., 1992; Jasmin et al., 1997) . Taken together, these studies reveal that several brain regions become infected with PRV regardless of the injection site (e.g., the area near the A5 noradrenergic cell group, the dorsal parvocellular region of the paraventricular nucleus of the hypothalamus, and the rostral ventrolateral medulla). These structures also were labeled in the present study after injecting PRV into the lordosis-producing muscles. An explanation for such commonality is that all of the injected tissues contain blood vessels innervated by the sympathetic nervous system, through which PRV may infect a common CNS network. In support of this hypothesis, many of the these areas are known to project to the sympathetic preganglionic neurons in the IML (Swanson and Kuypers, 1980; Hosoya et al., 1991) . Previous studies suggest that PRV has a predilection for autonomic pathways (Rotto-Percelay et al., 1992) . Therefore, one must consider potential autonomic nervous system connectivity when interpreting the presence of PRV in a neuronal population. In addition to the similarities to results based on other injection sites, several differences also were found. These differences are important because they provide evidence for specificity of the viral labeling for the neural control of these muscles. For example, the present injections infected neurons in areas traditionally associated with motor control, such as the motor area of the dorsal cortex and the red nucleus. These regions were not reported previously to be labeled after PRV injection into visceral targets (Strack et al., 1989b; Card et al., 1990; Nadelhaft et al., 1992) .
Although multiple skeletal muscle systems contribute to the full expression of lordosis behavior, our choice of injection site pertains to the dorsiflexion of the spine. Observations of unrestrained, behaving animals have demonstrated the activation of the lateral longissimus during lordosis (Schwartz-Giblin and Pfaff, 1980) , and direct stimulation of the transversospinalis, medial longissimus, or lateral longissimus muscles was able to produce dorsiflexion of the spine similar to that seen during mating (Brink and Pfaff, 1980) . Injections of the retrograde tracer horseradish peroxidase into the lateral longissimus, medial longissimus, or the L3-L5 level of the transversospinalis labeled neurons in the ipsilateral ventral horn of the spinal cord (Brink et al., 1979) . The detection of PRV in motoneurons in the ventral horn of the spinal cord is concordant with previous studies using horseradish peroxidase (Brink et al., 1979) and with the location of motoneuron pools in general (Molander et al., 1984) .
Consistent with the proposed lordosis circuit, we observed robust labeling in the MRF, PAG, and VMN. In the MRF, the gigantocellular and paragigantocellular nuclei were detected after survival times of Ն3.0 d. These populations have been implicated previously in the control of lordosis. For instance, electrical stimulation of these sites resulted in an EMG response in the lordosis-producing muscles (Femano et al., 1984a) . Further analysis of the temporal properties of the EMG response to brainstem stimulation indicated that although stimulation in other areas also produced an EMG response in the muscles, only the stimulation in the gigantocellular and paragigantocellular nuclei had a phaselocked relationship with the EMG recording (Femano et al., 1984b) . Moreover, lesions that destroyed both the gigantocellular and paragigantocellular nuclei disrupted lordosis behavior (Zemlan et al., 1983) . Thus, the labeling obtained in the MRF with PRV is in accord with previous f unctional studies of the lordosis pathway. However, it is important to realize that labeling in the MRF is often reported after PRV injection in many targets, and this area is well known to participate in autonomic control, including blood pressure regulation (for review, see Saper, 1995) . Future studies will need to disambiguate these two potential sources of PRV labeling in the MRF.
There is ample evidence that the PAG also is an important site for the control of lordosis (Sakuma and Pfaff, 1979a,b; Tetel et al., 1993; Pfaus et al., 1996) , and this region was extensively labeled with PRV. However, like the MRF, labeling in the PAG is reported after PRV injection in a variety of targets, and this area is known to participate in the control of blood pressure (Verberne and Guyenet, 1992) . It is therefore noteworthy that PAG labeling subsequent to coronary injection of PRV occurred mainly in the dorsal and lateral columns of the PAG (Standish et al., 1995) , whereas our labeling was predominantly in the ventrolateral PAG. This is important considering recent studies demonstrating that lesions placed in the caudal ventrolateral PAG, but not in the rostral dorsolateral PAG, disrupt the lordosis reflex (Lonstein and Stern, 1998) . Traditional tracers have shown that the PAG projects to both the gigantocellular nucleus and the paragigantocellular nucleus (Beitz et al., 1983) . By combining traditional tracing techniques with stimulation-induced EMG recordings, it was demonstrated previously that the PAG sends projections to the MRF areas that elicit an EMG response in the lordosisproducing muscles . Additionally, stimulation in the ventrolateral PAG reduces the threshold for stimulation in these medullary sites to produce the same EMG response in the lumbar epaxial muscles (Cottingham et al., 1987) . However, this is the first study to anatomically demonstrate multisynaptic connectivity between the PAG and the lumbar epaxial muscles.
The ability of PRV tracing to provide Golgi-like staining of neurons was exploited in the PAG. The present results indicate that PRV-labeled neurons in the PAG are predominantly of a spheroid shape, analogous to the multipolar cells described previously. However, the proportion of multipolar cell types in the PAG visualized by Golgi impregnation was only 20% (Beitz and Shepard, 1985) . The functional significance of these morphological profiles is not known, but the present data provide support for the role of spheroid neurons in the descending projections from the PAG. With additional study, the morphology of the PRV-labeled neurons in the PAG may provide functional clues about the lordosis network.
Abundant evidence has shown that the vl-VMN plays a critical role in the control of lordosis (Mathews and Edwards, 1977; Davis et al., 1979; Pfaff and Sakuma, 1979a,b) . Previous studies demonstrated VMN projections to the PAG using traditional tract tracers (Krieger et al., 1979; Beitz, 1982; Morrell and Pfaff, 1982 ; Figure 7 . Plots of the distribution of PRV-immunoreactive neurons in the forebrain of representative female rats 3.0, 3.3, and 4.0 d after PRV injection into the lordosis-producing muscles. Each dot represents one or two cells, and drawings are arranged with the most rostral section on top. Drawings are modified from Paxinos and Watson (1986) . Ac, Anterior commisure; cc, corpus callosum; CP u, caudate putamen; DM, dorsomedial hypothalamus; f, fornix; LH, lateral hypothalamus; Me, median eminence; MPA, medial preoptic area; Opt, optic tract; Ox, optic chiasm; PV N, paraventricular hypothalamic nucleus; RCh, retrochiasmatic hypothalamic area. Morrell et al., 1984; Dornan et al., 1990; Akesson et al., 1994) . Neurons in the vl-V M N express estrogen receptors (Pfaff and Keiner, 1973) , and a subset of these neurons project directly to the PAG (Morrell and Pfaff, 1982; Akesson et al., 1994) . Additionally, the expression of FOS in the vl-V M N occurs after mating stimuli (Flanagan et al., 1993; Tetel et al., 1993; FlanaganCato and McEwen, 1995; Polston and Erskine, 1995; Pfaus et al., 1996) . In the present study, the vl-V M N contained more PRVpositive cells than the other subdivisions of the V M N. The high correlation between the level of PRV staining in specific columns of the PAG and the rostral and ventrolateral subdivisions of the VMN suggests that these columns transmit virus to the VMN. Previous studies using reproductive targets, including the uterus and clitoris, also identified labeling in the ventrolateral PAG and the V M N (Marson, 1995; Papka et al., 1998) . Labeling in the vl-VM N has not been reported with PRV injection into nonreproductive, autonomic targets.
The finding that the general pattern of PRV transmission does not differ between males and females may be partly skewed by the high proportion of labeling associated with sympathetic outflow to blood vessels, where major sex differences would not be expected. However, even in regions implicated in the lordosis reflex, sex differences were not detected in the general pattern of labeling. Further study is needed to explore possible sex differences in the local circuitry and neurochemistry of this pathway.
In conclusion, these studies are the first to indicate that the CNS regions previously implicated in the control of lordosis are serially connected, based on their sequential expression of PRV antigen after PRV injection into the lumbar epaxial muscles. The results also suggest that the ventrolateral column of the PAG may be more involved than other columns, based on the prevalence of labeling. It will now be possible to explore the neurochemistry and local connectivity of PRV-identified, higher-order neurons in this behaviorally relevant pathway.
